The mechanical load imposed by the systemic circulation to the left ventricle (LV) is an important determinant of normal and abnormal cardiovascular function and structure. 1 Traditionally, brachial blood pressure (BP) measurements are used as an indication of LV afterload. 2 However, the ability of this procedure to accurately estimate the hemodynamic burden imposed by BP on target organs has been challenged by alternative measurements. 3, 4 Changes in body posture affect BP levels in the limbs, especially in the legs. In this regard, changing from a supine to an orthostatic posture is associated with substantial increments in BP levels in the lower limbs. 5, 6 Given that the circulatory system is closed in human beings, it can be speculated that variations in BP along the arterial tree might ultimately influence the hemodynamic burden imposed on the heart. However, studies are lacking concerning the influence of BP measured in the lower limbs on cardiac structure as well as the impact of postural changes in this regard.
The mechanical load imposed by the systemic circulation to the left ventricle (LV) is an important determinant of normal and abnormal cardiovascular function and structure. 1 Traditionally, brachial blood pressure (BP) measurements are used as an indication of LV afterload. 2 However, the ability of this procedure to accurately estimate the hemodynamic burden imposed by BP on target organs has been challenged by alternative measurements. 3, 4 Changes in body posture affect BP levels in the limbs, especially in the legs. In this regard, changing from a supine to an orthostatic posture is associated with substantial increments in BP levels in the lower limbs. 5, 6 Given that the circulatory system is closed in human beings, it can be speculated that variations in BP along the arterial tree might ultimately influence the hemodynamic burden imposed on the heart. However, studies are lacking concerning the influence of BP measured in the lower limbs on cardiac structure as well as the impact of postural changes in this regard.
This report evaluated brachial and leg BP levels in supine and orthostatic postures and investigated the relationship between these measurements and the LV structure and left atrial dimension in a sample of apparently healthy normotensive subjects.
Methods
Study population. The participants were 130 normotensive (brachial BP <140/90 mm Hg), nonsmoking, nondiabetic (fasting blood glucose <126 mg/dl) men and women, with normal low-density lipoprotein cholesterol and triglyceride levels according to the National Cholesterol Education Program ATP III. 7 All subjects were recruited from students and employees of the State University of Campinas. Further exclusion criteria were an age <18 years, significant cardiac valve disease, hypertrophic cardiomyopathy, neoplastic disease and the use of any medications. The research was performed in accordance with the Declaration of Helsinki of the World Medical Association.
Background changing from a supine to an orthostatic posture is associated with substantial increments in leg blood pressure (BP) levels, which could ultimately influence the hemodynamic burden imposed on the heart. this study investigated the relationship between brachial and leg BP measurements and the left cardiac chamber's structure and assessed the role of body posture changes in this regard.
One hundred and thirty normotensive, nondiabetic, nonsmoking, normolipemic subjects were evaluated by a clinical history, anthropometry, the analysis of metabolic parameters, echocardiography, and the measurement of BP in the arm and the calf in both supine and orthostatic positions.
results
Significant correlation coefficients between the leg BP measurements and the cardiac structure were detected, especially between the orthostatic pulse pressure (PP) and the left ventricular (LV) wall thickness (r = 0.38; P < 0.001), the orthostatic PP and the LV mass (r = 0.37; P < 0.001), and the orthostatic systolic BP (SBP) and the left atrial size (r = 0.35; P < 0.001). Stepwise and standard regression analysis adjusted for brachial BP and anthropometric and metabolic variables confirmed that the leg orthostatic PP was independently related to the LV wall thickness and mass. Moreover, the leg orthostatic SBP was associated with the left atrial dimension even after adding the LV mass to the statistical models. Finally, triglyceride levels and body surface area showed significant relationship with leg orthostatic PP and SBP, whereas brachial orthostatic PP and SBP were only associated with age and anthropometric variables.
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The study was approved by the Ethics Committee of our institution, and written consent was obtained from all participants.
Height and weight were measured by routine methods. The body mass index was calculated as the body weight divided by the height squared (kg/m 2 ), and the body surface area was calculated according to the Dubois formula. The linear length between the second intercostal space (estimated aortic root origin) and the homolateral popliteal fossa was measured and labeled as the aortic-popliteal length. Fasting blood low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides, and glucose were measured using standard laboratory techniques. 8 BP measurements. BP was measured by the same investigator in the upper and lower limbs using validated digital oscillometric devices (HEM-705CP; Omron Healthcare, Kyoto, Japan), with appropriate cuff sizes as previously described. 9 Two readings were averaged, and if they differed by >5 mm Hg, one additional measurement was performed and then averaged. BP was simultaneously measured with one device on the right arm and another device on the right calf with the subject lying in a supine position for 10 min. Then, BP was simultaneously measured in the same arm and calf after the subject remained in a standing position for 10 min. To abolish the influence of muscle contractions on the calf BP measured in the orthostatic position, the subject was asked to support the body's weight on the contralateral leg during BP measurement. Pulse pressure (PP) was calculated as the difference between the systolic BP (SBP) and the diastolic BP. To test the reproducibility of the measurements, they were repeated weekly for 4 weeks in 10 subjects. The variation coefficients averaged 6, 5, 3, and 3% for leg SBP, leg diastolic BP, brachial SBP, and brachial diastolic BP, respectively.
Echocardiography. Echocardiography studies were performed by a single physician after BP measurements, using Vivid 3 Pro (General Electric, Milwaukee, WI) sonography with a 2.5 MHz transducer as previously described. 10, 11 LV and left atrial dimensions as well as LV mass were assessed according to the American Society of Echocardiography recommendations. 12 Teicholz's method was used to calculate the ejection fraction. 13 The relative wall thickness was computed as twice the posterior wall thickness divided by the LV end-diastolic diameter. The reproducibility of both acquiring and measuring the LV mass and the left atrial size was determined in recordings obtained from 10 subjects. The intraobserver LV mass and the left atrial size variability were <7%, whereas the interobserver variability of these parameters was <10%.
Statistical analysis. Descriptive statistical results are given as the mean ± SE. All continuous variables presented a normal distribution as assessed by the Kolmogorov-Smirnov test. Previous studies reported correlation coefficients ~0.25 between the LV mass and casual brachial BP measurements. 14, 15 Therefore, a sample size of 123 participants was considered suitable, considering the values of an α error = 0.05, a β error = 0.8, and an r = 0.25; however, data collection was extended to the 130 participants included in the study. Differences in BP measurements were evaluated by a one-way ANOVA followed by the Tukey test for pairwise comparisons. Pearson's or Spearman's methods were used to assess bivariate correlations between the studied variables. Stepwise and standard regression analyses were used to determine the independent predictors of cardiac parameters and BP measurements. Variables that exhibited significant correlation coefficients (P < 0.05) with echocardiographic parameters and BP measurements were included as independent variables in regression models. The probability criterion for stepwise entry was set to 0.05 and for removal from the equation, to 0.1. Preliminary analyses were performed to ensure no violation of the assumptions of normality, equal variance, linearity and multicollinearity. A P value of <0.05 was considered significant. results Table 1 summarizes the clinical and echocardiographic features of the studied subjects, while BP measurements are shown in Table 2 .
The bivariate correlation analysis between the BP measurements and the echocardiographic parameters is shown in Supplementary Table S1 online. Significant correlation coefficients between the leg BP measurements and the cardiac structure were detected, especially between the orthostatic PP and the LV posterior wall thickness (r = 0.38), the orthostatic PP and the LV mass (r = 0.37), and the orthostatic SBP and the left atrial size (r = 0.35). Significant correlations between the brachial BP measurements and the echocardiographic parameters were also observed, particularly between the orthostatic SBP and the LV posterior wall thickness (r = 0.27), the LV mass (r = 0.34), and the left atrial size (r = 0.31). To identify potential confounding variables, a correlation analysis between the echocardiographic parameters and the clinical features of the studied subjects was performed (see Supplementary Table S2 online).
Stepwise (Table 3 ) and standard (see Supplementary Table  S3 online) regression analyses then evaluated whether BP measurements were independent predictors of cardiac structure. Variables that exhibited significant correlation coefficients with echocardiographic parameters and BP measurements were included as independent variables in the regression models. Leg orthostatic PP was the only BP measurement that presented an independent association with the LV wall thickness and the LV mass. Leg orthostatic SBP was the only BP measurement showing a significant relationship with the left atrial diameter even after adjustment for the LV mass. In contrast, the relative wall thickness and LV end-diastolic diameter showed no independent association with any BP measurement in models adjusted for clinical, anthropometric and metabolic variables (data not shown).
The next step was to investigate the variables related to orthostatic SBP and PP measurements in the upper and lower limbs. Clinical, metabolic and anthropometric variables were correlated with BP measurements (see Supplementary   Table S4 online for further details). Subsequent stepwise ( Table 4 ) and standard (see Supplementary Table S5 online) regression analyses revealed that serum triglyceride levels and body surface area showed significant association with leg orthostatic SBP and PP. Conversely, brachial orthostatic PP and SBP were only associated with age and anthropometric variables.
Lastly, we analyzed which variables were related to the delta (mm Hg increase) in leg SBP and PP from the supine to the standing position. Bivariate analysis revealed that increases in SBP and PP correlated directly with triglycerides (r = 0.32; P < 0.001 and r = 0.35; P <0.001, respectively) and inversely with the aortic-popliteal length (r = -0.20; P < 0.05 and r = -0.33; P <0.001, respectively).
discussion
The evaluation of brachial BP is the standard method for estimating systemic BP in clinical practice. 2 Nevertheless, the accuracy of this procedure for estimation of the hemodynamic burden imposed by BP on the target organs has been challenged by several lines of evidence, which has stimulated quests for alternative measures of BP. 4 In the present study, by evaluating a sample of healthy subjects without cardiovascular risk factors, we investigated the relationship between the brachial and leg BP measurements and the structure of the left cardiac chambers and further assessed the role of body posture changes in this regard. Our study provided novel evidence that (i) orthostatic leg PP and SBP, but not brachial BP, were independently related to LV mass and left atrial diameter, respectively; and (ii) leg and brachial BP measured in the orthostatic posture presented distinct determinants. Age, body surface area, body mass index, glucose, low-density lipoprotein cholesterol, and triglycerides were available in model 1, while male gender, body surface area, body mass index, glucose, low-density lipoprotein cholesterol and triglycerides were available in model 2. Height was not available in model 2 because of multicollinearity with body surface area. Age, male gender, body surface area, body mass index, glucose and triglycerides were available in models 3 and 4. PP, pulse pressure; SBP, systolic blood pressure.
original contributions
The major finding of the present report was that orthostatic leg BP was associated with the left cardiac chamber's structure. In addition, the results of the regression analysis, including orthostatic brachial and leg BP measurements as independent variables, revealed that only leg BP was associated with the LV mass and left atrial diameter. These novel data may have some clinical implications. First, they corroborate the current assumption that the measurement of brachial BP may not be the most adequate method for evaluation of the hemodynamic stress imposed by BP on target organs. 3, 4 Second, they point toward leg BP as a alternative predictor of cardiac structure, which could potentially expand the use of lower limb BP measurement in clinical practice. Leg BP evaluation is not routinely performed, except when there is a suspicion of aortic constriction or to assess the ankle-brachial index. 16, 17 It is worth mentioning that current guidelines recommend the assessment of leg BP only in the horizontal position. 2, 18 Our present findings, however, demonstrated that leg BP assessed in the standing position was independently related to LV and left atrial structures. Despite the abundance of literature regarding leg BP measurement in the horizontal position, little is known about the assessment of orthostatic leg BP. To our knowledge, there are no reference values for leg BP measured in the standing position and no previous study evaluating the relationship between orthostatic leg BP and cardiovascular phenotypes. Therefore, our results may shed new light on a neglected BP measurement. Conversely, technical issues might also contribute to explaining the underperformance of this procedure. For instance, muscle contractions in the leg could be a potential source of error and inaccuracy in BP measurement, whereas auscultation of the lower limb arteries in an upright position may not be a feasible procedure. In our protocol, to overcome these potential limitations, all subjects were asked to support their body weight on the contralateral leg during BP measurement, and only oscillometric devices were used.
In the present report, we confirmed that BP substantially increased in the lower limbs from the supine to the standing position. 5, 6 One intuitive explanation for this increase would be the higher hydrostatic pressure imposed on the leg arteries in the orthostatic posture. Considering that the aortic-popliteal length in the standing position provides an estimation of hydrostatic pressure in the calf arteries in cmH 2 O, we evaluated whether this variable correlated with leg orthostatic BP measurements. Curiously, no relationship between the aortic-popliteal length and the leg orthostatic BP was found, suggesting that either local vasoconstriction secondary to the venoarteriolar reflex or the BP variability-induced myogenic response 19, 20 played a role in this regard. Actually, we detected an inverse relationship between the aortic-popliteal length and the delta (mm Hg increase) in leg SBP and PP from the supine to the standing position, which strengthened the notion that hydrostatic pressure was not responsible for the orthostatic-induced increases in leg BP. In contrast, triglyceride levels showed significant association with leg orthostatic SBP and PP and exhibited a direct relationship with the increase in these measurements from the supine to the standing position. This finding indicated that metabolic parameters exerted a significant influence on the leg BP response to orthostatic posture and further strengthened the notion that BP levels may be related to metabolic variables. 21, 22 Clinical and experimental data have previously shown that higher triglyceride levels were associated with an increased vasoconstrictor response, 23, 24 which could contribute to explaining our findings. In addition, it is possible that insulin resistance also played a role in this regard because triglycerides are a marker of decreased insulin sensitivity. 7 Conversely, our data showing that brachial orthostatic SBP and PP did not correlate with triglyceride levels support the notion that BP in the upper and lower limbs was determined by distinct underlying mechanisms.
The reasons that orthostatic leg BP measurements were independently related to the LV mass and the left atrial diameter are not apparent in the present report. However, it is possible that higher leg BP levels in the standing position played a role in this regard. Given that human beings exhibit a closed circulatory system and spend a significant portion of time each day in a standing position, it could be speculated that the higher leg BP levels consequent to the orthostatic posture were associated with an increased LV afterload. The higher LV afterload, in turn, would stimulate increments in the LV mass. 25 Regarding the left atrial diameter, it was remarkable in its independent relationship with orthostatic leg SBP, even after the adjustment for major confounders, such as the LV mass and anthropometric variables. This result suggests that hemodynamic features of the arterial tree per se may contribute to modulate left atrial dimensions. Likewise, data from other sources also demonstrated that left atrial size was independently related to alterations in the hemodynamic characteristics of the major arteries. 26 However, further studies are necessary to evaluate these assumptions.
Some potential limitations of this study should be acknowledged. First, the cross-sectional design may limit our ability to infer a causal relationship between the orthostatic leg BP levels and the cardiac structure. Second, the majority of the correlation coefficients between the casual BP measurements and the studied variables were weak or moderate (r < 0.40). Nevertheless, these coefficients were similar to those reported by other studies that evaluated the relationship between casual BP measurements and cardiac/clinical variables. 14, 15, 21 In addition, the results of our regression analyses showed that such associations were significant and therefore might be of biological relevance.
In conclusion, our study demonstrated that orthostatic leg BP was associated with LV mass and left atrial size in healthy normotensive subjects even after adjustment for brachial BP and other potential confounders. Further studies are necessary to evaluate whether orthostatic leg BP might be a better approach than brachial BP to screen for abnormalities in cardiac structure and function.
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